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METHOD AND APPARATUS FOR INCREASING THE IMMUNITY OF NEW 
GENERATION MICROPROCESSORS FROM ESD EVENTS 

Technical Field 

The present invention relates to the field of microprocessor-based 
computer systems. More specifically, die present invention relates to the 
packaging ofhigh performance microprocessors on substi ates, including the 
provision of heat sinks as well as electrostatic discharge (ESD) sliielding. 

Background 

Historically, as reported in Assignee's U.S. Patent No. 5,838,542, when 
microprocessors were first commercialized, each microprocessor held less tiian 
one million tiansistors, and operated at speeds below 20 MHz. Typically, the 
microprocessors were either solder mounted onto the motherboards directly or 
mounted to the motherboai ds tluough sockets. They were typically air cooled, 
and air flow was typically sustained by a system fan. ESD shielding was not 
much of a concern. 

In the pursuing years, the number of tiansistors packed into each 
microprocessor, as well as its operating speed have increased diainatically. 
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especially in recent years. Correspondingly, the amount of heat that needs to be 
dissipated, as well as the sensitivity to ESD duiing operation, have increased. As 
a result, most of today's microprocessor based computer systems employ either 
local fans and/or heat sinks to help ensure that the microprocessors run cool. At 
the same time, increased attentions have also been given to designing computer 
system chassis containing the microprocessors to ensui e the ESD requirements 
are met. 

One chassis level solution to ESD protection of electronic equipment, as 
disclosed in U.S. Patent No. 6,080,930, involves providing an electrically 
conductive gasket on a grounded shelf of a card cage which receives movable 
circuit modules. As a module is slid into the caid cage to engage module 
connectors with backplane pins of the card cage, a surface of the module 
contacts the gasket, thereby discharging any static electi icity on the module 
because the gasket is grounded through connection to the shelf 

U.S. Patent No. 6,281,433 discloses another example of chassis level ESD 
protection, in this case, for a network switching apparatus. A face plate of the 
network switching apparatus is provided with a multi-layered, coextruded 
structure which combines fii st and second polymeric material layers. An outer 
portion of the face plate is fonned of the first polymeric material layer to protect 
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the circuit packs within the apparatus from ESD. The first polymeric material 
has a composition in which an additive is suspended within a polymeric material 
to give the outer layer a surface resistivity to dissipate static charges that would 
otherwise potentially damage the network switch, Tlie second polymeric 
material layer of the structuj e is conductive to provide electromagnetic 
interference (EMI) shielding. 

Proposed solutions to ESD protection of circuit chips at the package level 
include providing a Fai aday cage-type structure about the circuit chips in the 
package to shield them from electiostatic dischaiges. For example, in European 
Patent Application Publication No. 0 340 959, an electiically conductive gasket 
is employed between a heat sink and a printed wiring board carrying one or more 
circuit chips. The gasket electrically connects a conductive coating on the 
heat sink with a conductive reference plane in the printed cucuit boaid. The 
conductive coating on the heat sink is provided over an electrically insulating 
layer appUed to the heat sink. The patentees explain that the conductive layer 
over the insulating layer on the heat sink provides a surface separate from the 
heat sink for the accumulation of static charges, and thereby provides protection 
of chips on the board within the package from electi ostatic charges. 
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Assignee's U.S. Patent No. 5,838,542 discloses a processor card assembly 
including a heat sink attachment plate and an EMI/ESD shielding cage. A 
metallic plate and a back cover on respective sides of a processor disposed on a 
processor card, are attached to each other to form a Faraday cage for electro- 
magnetic shielding EMI emissions from the processor as well as providing ESD 
protection to the processor card. See also U.S. Patent No. 6,307,258 wherein an 
ESD shielding is provided on die outside of the semiconductor die package 
housing. 

These Faraday cage-type solutions to ESD protection at the package level 
can be relatively costly to manufacture and tlie outer insulative and conductive 
coatings required to be applied to the heat sinks or housings in the airangements 
are subject to chipping and damage. Wliile chassis level ESD protection has in 
many applications up to now been sufficient, as microprocessor manufacturers 
have increased microprocessor speed and slirunk the microprocessor dies in new 
generation microprocessors, it has been found that the conventional ESD 
protections in computer systems do not meet legal requiiements for immunity 
from ESD events. For example, a Euiopean Community legal requirement for 
ESD protection of computers states that with a 4 kV contact and 8 kV air 
discharge ESD pulse at a system level, the computer must continue to work 
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without user intervention. There is a need for an improved method and apparatus 
for cost effectively increasing the iminunity of a semiconductor die, particularly a 
microprocessor, to ESD events in order to meet this legal requirement. 

Brief Description of Drawings 

Fig, 1 is an exploded view of an apparatus, particularly a microprocessor 
package according to an example embodiment of the invention with the 
components of the package being shown disassembled in spaced relation from 
one another in the direction of arrow A upwardly from a substrate of the package 
which has a microprocessor mounted thereon. 

Fig. 2 is a cross-sectional view through the microprocessor package of the 
example embodiment of Fig. 1 taken along section line 11-11 and showing the 
components of the package in their assembled relation to one another in the 
package. 

Fig. 3 is a top view of the ESD gasket employed in the example 
embodiment of Figs. 1 and 2. 
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Detailed Description 

Referring now to the drawuigs, an apparatus 1 according to the exanq)le 
embodiment of the invention is an assembly for packaging and cooling a 
semiconductor die 2 with protection fiom electrostatic discharge events. More 
specifically, the appaiatus in the example embodiment is an electronic package, 
namely a central processing unit (CPU) package, wherein the die 2 is a 
microprocessor. The package is adapted to be connected to a motherboard of a 
computer by means of pins 3 extending fi-om a bottom, mounting side of a CPU 
substrate 4 of the package as depicted in Figure 2. The microprocessor 2 is 
mounted on the opposite, top side of the substiate 4. 

The assembly 1 further comprises a gasket 5 of a lossy, static dissipative 
material on the substrate 4 suiTounding the die 2 to protect it fi-om ESD pulses. 
A thermal spreader 6 fonned of copper or other heat conductive inaterial is 
arranged in heat conducting relation with the die on a side of the die opposite the 
substrate 4. A thermal grease or adliesive can be used to thermally couple the 
die and heat spreader. The thennal spreader extends laterally beyond the outer 
peripheral edge of the die and overhangs an adjacent edge of the gasket. A heat 
sink 7 is in heat conducting relation with the thennal spreader on a side of the 
thermal spreader opposite the die. The heat sink extends laterally beyond the 
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outer peripheral edge of the thennal spreader. The heat sink is fonned of copper 
in the example embodiment but other heat conductive materials could be used. 

The gasket 5 is preferably die-cut from a sheet or layer of lossy, static 
dissipative material to the size of the CPU substrate 4 with a hole 8 cut for the 
die to protrude through. The hole is preferably the same or only slightly larger 
than the size of the die so the gasket closely surrounds the die in the assembly. 
The back or lower side of the gasket has an adhesive thereon by wliich the gasket 
is adhered to the CPU substi ate iji position about the die. The gasket is .020 inch 
thick, the height of the die above the substrate surface, in the example 
embodiment so the gasket preferably fills the space between the substrate and the 
heat spreader when the heat spreader is ajianged in heat conducting relation with 
the top side of the die. As shown in Fig. 3, in the example embodijnent, the hole 
cut in the gasket for the die is squaie, measuring 1/2 inch on each side and the 
outer shape of the gasket is square, measuring 1 3/8 inches per side. The size, 
shape and thickness of the gasket can be changed as needed. 

The gasket according to the invention has a shielding effectiveness to 
protect the die in the assembly from at least 4 k V of electrostatic discharge pulse 
at the computer system level in wliich the assembly is to be used. That is, the 
computer in which the CPU package 1 is used will continue to work without user 
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intervention with a 4 kV ESD pulse at a system level. For this purpose, in the 
example embodiment the gasket material preferably has a greater than 45 dB 
shielding eiFectiveness up to 3 GHz in frequency which protects the package 
from ESD pulses. The lossy material of the gasket is a static dissipative material 
having a volume resistivity of greater than 10^ ohm cm, and preferably less than 
lO' ohm cm. 

In the example embodiment, the gasket is fonned of expanded 
microporous polytetrafluoroethylene (ePTFE) filled with a conductive material to 
the extent that the gasket material has a volume resistivity of greater tiian 10^ 
ohm cm. The conductive filler material in the example embodiment is conductive 
carbon particles but other conductive, particulate fillers may be used. Such filled 
ePTFE materials are, per se, known. As explained, for example, in U.S. Patent 
No. 5,964,463, assigned to W.L. Gore & Associates, Inc., depending on the 
amount of conductive filler used to fill sheets of ePTFE, the sheets may exhibit 
static dissipative or conductive properties and elements produced from such 
sheets may be static dissipative or conductive in nature as well. Tlie term "static 
dissipative" is defined as including any material with a volume resistivity of less 
than 10^ and greater than 10^ ohm cm as determined by ASTM D257-90. The 
filled ePTFE is termed "conductive" where the material has a volume resistivity 
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of itf ohm cm or less as detennmed by ASTM D 257-90. The gasket of the 
invention is selected to be "static dissipative", not "conductive". 

The lossy, static dissipative material of the gasket in the electronic 
package of tlie mvention is intentionally not "conductive" as it is not desired in 
the first instance that the gasket sei-ve as part of a Faraday cage-type structure in 
the package but rather primai*ily as a shield agaijist ESD in the vicinity of the 
microprocessor. However, in case an ESD event occurs, the action of the static 
dissipative gasket material with a volume resistivity of greater than 10^ ohm cm 
is to slow ESD discharge time and decrease ESD discharge current level in 
comparison to a conductive gasket thereby increasing the immunity of the 
microprocessor fiom ESD events. Tests completed on a prototype 
microprocessor package according to the present invention showed 2000 to 3000 
volt improvement in immunity to ESD failuie as compared with a conventional 
package design. A computer with the microprocessor package of the invention 
meets the aforementioned Europe Community legal requirement of 4 kV of ESD 
pulse at a system level while continuing to work without user intervention. 

From the above detailed description, it can be seen that the invention 
includes a method for increasing the immunity of a microprocessor from ESD 
events. The method comprises mounting a microprocessor on a substiate, 
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surrounding the microprocessor with a gasket formed of lossy, static dissipative 
material having a volume resistivity of greater than 10^ oluii cm, and arranging a 
heat spreader in heat conducting relation with the microprocessor and atop at 
least a portion of the gasket. Tlie gasket is adhesively bonded to the substrate in 
the example embodiment as noted above. 

This concludes the description of the example embodiment. Although the 
present invention has been described with reference to an illustrative embodiment 
thereof, it should be understood that numerous other modifications and 
embodunents can be devised by those skilled in the art that will fall witlain the 
spirit and scope of the principles of this invention. More particularly, reasonable 
variations and modifications are possible in the component parts and/or 
arrangements of the subject combination arrangement within tlie scope of the 
foregoing disclosure, the diawiiigs and the appended claims without departing 
fi-om the spirit of the invention. In addition to variations and modifications in the 
component parts and/or arrangements, altemative uses will also be apparent to 
those skilled in the art. For example, the invention can be used to protect a 
plurality of semiconductor dies on a substrate from ESD pulses by cutting a 
plurality of holes in the gasket for respective ones of the dies and using one or a 
plurality of thennal spreaders on the dies and gasket. The gasket material is not 
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